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（Secondary Organic Aerosol, SOA）的形成和生长具有重要意义，多环芳烃
（Polycyclic Aromatic Hydrocarbons, PAHs）是大气中重要的可持续有机污染物，
对生物具有致癌，致畸和致突变性的“三致”危害。本文以城市大气气溶胶中有
机胺和多环芳烃为研究对象，以气相色谱 /质谱（Gas Chromatography/Mass 





第一章 绪论。描述了研究地区大气 PM10 和 PM2.5 的污染状况，大气气溶胶
中有机胺和多环芳烃的分析方法和研究现状，并提出了本论文的研究背景和主要
内容。 
第二章 建立了对大气颗粒物 PM2.5 中八种小分子量有机胺进行分析研究的
柱前衍生‐GC/MS 方法和 IC 方法。在分别优化了两种方法的实验条件基础上，
比较了两种分析方法对实际样品的分析效果。结果表明 IC 方法操作简单，有机
试剂用量少，对环境友好，但灵敏度较低。柱前衍生‐GC/MS 方法操作较繁琐，
但灵敏度和稳定性较好。因此柱前衍生‐GC/MS 方法更适合于实际 PM2.5 样品的
分析。 
第三章 香港大气 PM2.5中有机胺的分析研究。利用柱前衍生‐GC/MS 方法研
究了 2011‒2012 年香港四季 PM2.5 样品中六种有机胺的含量水平和气象条件的影
响。结果表明，香港大气 PM2.5 中有机胺总含量在 1.29–65.61 μg/g 之间，呈现显
著季节性变化特征：夏季＞春季＞秋季＞冬季。并且受气温和风向的影响：有机
胺含量随气温上升而增加，西南风盛行时有机胺含量最高。最后结合后向气团轨
迹（Air‐mass Back Trajectories）计算，研究了 PM2.5 中有机胺的来源问题。结果













第四章 厦门集美区活动高峰期间大气 PM10 中多环芳烃的含量分布和来源
分析。参照 EPA（US Environmental Protection Agency）优先控制测定 16 种多环
芳烃的标准分析方法，采用气相色谱/质谱联用技术，对从 2011 年 4 月 8 日至
22 日厦门集美区活动高峰期间，大气 PM10 中多环芳烃的污染状况进行了研究。
在利用来源特征比值方法初步推断多环芳烃主要来源的基础上，使用主成分分析
‐多元逐步回归法（Principal Component Analysis‐Multiple Regression，PCA‐MR）
明确了各主要污染源对多环芳烃的贡献率。结果表明，厦门集美区活动高峰期间，





































Amines are a class of important tracer in atmospheric aerosol and show their 
significant role in secondary organic aerosol (SOA) formation and growth. Polycyclic 
Aromatic Hydrocarbons (PAHs) are a class of dangerous sustainable organic 
pollutants because of their carcinogenicity and genotoxicity. In this dissertation, two 
methods have been developed for the analysis of low molecular weight amines. The 
concentration and source of amines in PM2.5 of Hong Kong were studied, and the 
influence of weather conditions was discussed. In addition, the issues including 
concentration, species and source of PAHs in PM10 of Jimei District, Xiamen were 
studied and analyzed. 
This dissertation includes five parts: 
In Chapter 1, the research background and the research progress in the analytical 
methods for the determination of amines and PAHs were summarized and reviewed. 
The study skeleton of the dissertation was also introduced. 
In Chapter 2, two methods for the analysis of amines in PM2.5 have been 
developed. Eight kinds of low molecular weight amines were analyzed using the 
developed methods, which could be classified as precolumn derivatization‐gas 
chromatography/mass spectrometry (PD‐GC/MS) and ion chromatography (IC). The 
experimental conditions of the developed methods were optimized. In the 
determination of the amines in PM2.5, the IC method was simple, organic solvent‐less 
and environment‐friendly, but the low sensitivity limited its applications. The 
PD‐GC/MS provided much better sensitivity and stability in spite of complicated 
pretreatment. As a result, in the experiments, the PD‐GC/MS was chosen for the 
analysis of amines in PM2.5. 
In Chapter 3, six kinds of low molecular weight amine contents in PM2.5 from 
Hong Kong were determined. The samples were collected from August 2011 to May 
2012. Experimental results revealed that the concentration of amines in the PM2.5 














temperature, season condition and wind direction were studied and discussed. 
Generally, the highest average concentration of amines could be found in summer, and 
the lowest one was obtained in winter. In addition, the secondly high level could be 
obtained in spring and the third high level in autumn could be found. Meanwhile, the 
concentration of amines was also influenced by the air temperature and wind direction. 
the concentration of amines increased with the rising of temperature, and the highest 
concentration appeared when the southwest wind blew. Combining with the 
calculation results using Air‐mass Back Trajectories, the source of amines in PM2.5 of 
Hong Kong could be considered mainly from the ocean. 
In Chapter 4, sixteen kinds of PAHs in PM10 of Jimei District, Xiamen were 
analyzed based on the analytical method of US Environmental Protection Agency 




, 2011, and the 
concentration of PAHs was found from 2.0 ng/m
3
 to 29.5 ng/m
3
. The results revealed 
that the high molecular weight PAHs were more abundant than low molecular weight 
PAHs in PM10. The main source of PAHs could be estimated by the Diagnostic Ratio 
Analysis method firstly, and the results preliminarily showed that main PAHs in PM10 
of Jimei District, were from fossil fuel combustion and vehicle emission. And then the 
contribution of each source was determined by the chemometric analysis of Principal 
Component Analysis‐Multiple Regression (PCA‐MR), the analytical results showed 
that 70.9% of PAHs was contributed by fossil fuel combustion and 23.7% was 
contributed by vehicle emission. 
In Chapter 5, the study results were summarized and the future prospect of the 
research for the atmospheric aerosol was presented.  
Keywords: atmospheric aerosol; precolumn derivatization‐gas chromatography/mass 
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  第一章 绪论 
1.1 城市大气气溶胶的研究现状 
1.1.1 大气颗粒物的概念 
大气气溶胶是指直径为 0.002–100 μm 的液体或固体微粒均匀地分散在大气
中形成的相对稳定的悬浮体系，而这些悬浮微粒则被称为大气颗粒物。大气颗粒
物种类常以粒径划分： 
总悬浮颗粒物（Total Suspended Particles, TSP），是悬浮在大气中空气动力
学直径≤100 μm 的颗粒物,它源自烟雾、尘埃、煤炭等固体或液态水珠，能长时
间悬浮在大气中。 
可吸入颗粒物（Inhalable Particles, IP），是空气动力学直径≤10 μm 的可被
鼻和嘴吸入的颗粒物，通称为 PM10，也叫飘尘。 
细颗粒物（Fine Particles, PM2.5）是指空气动力学直径≤2.5 μm 的颗粒物；与








相关。有研究指出粒径小于 2.5 μm 的颗粒物消光作用远大于粒径大于 2.5 μm 的
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